
AD-A235 728

TECHNICAL REPORT BRL-TR-3232

BRL
PERFORMANCE PREDICTIONS FOR THE
LARGE BLAST/THERMAL SIMULATOR

BASED ON EXPERIMENTAL
AND COMPUTATIONAL RESULTS

STEPHEN J. SCHRAML DTIC
ELECTE-om
MY 23 1991.3

MAY 1991 U

APPROVED FOR PUBUC RELEASE; DISTRIBUTION IS UNIITED.

U.S. ARMY LABORATORY COMMAND

BALLISTIC RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND

91 , 91-00203
_____ ~I~rI ,I i 111 ,~ l:'



NOTICES

Destroy this report when it is no longer needed. DO NOT return it to the originator.

Additional copies of this report may be obtained from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161.

The findings of this report are not to be construed as an official Department of the Army position,
unless so designated by other authorized documents.

The use of trade names or manufacturers' names in this report does not constitute indorsement
of any commercial product.



UNCLASSIFIED
Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188
Pulic reporting ouroen for this collection of information is est mated to average 1 'our Der response, including the time for reviewing instructions. searching existing data sources.
gathering and maintaining the data needed, and comoleting and review ng the coIledlon Of Iformat on Send comments rearding this burden estimate or any other asoect of this
collection of nformaton, inciuding suggesttons for reducing this ourder, to hashofgton Headduarters Services, Diremorate for information Operations and ReDorts. lpS jeffeirson
Davis Highway. SUit: '204. A lngton, VA 22202-4302. and to the Office of Management and Budget. Paperwsork Reduction Projec (0704-0188). Washington. DC 20503

1. AGENCY USE ONLY (Leave blank) |2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
May 1991 Final, Aug 89 - Mar 91

4. TITLE AND SUBTITLE S. FUNDING NUMBERS

Performance Predictions for the Large BlastThermal Simulator Based on
Experimental and Computational Results

1 1L162120AH25
6. AUTHOR(S)

Stephen J. Schraml

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Director REPORT NUMBER

U.S. Army Ballistic Research Laboratory
ATTN: SLCBR-TB-B
Aberdeen Proving Ground, MD 21005-5066

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army Ballistic Research Laboratory
AlTN: SLCBR-DD-T
Aberdeen Proving Ground, MD 21005-5066 BRL-TR-3232

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION! AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

A computational study was performed with the BRL-Q1D code to determine the expected performance
characteristics of the proposed U.S. Large BlastlThermal Simulator (LB/TS). This computational
study complements an earlier experimental parametric study which was performed in the 25.4-cm shock
tube located at the U.S. Army Ballistic Research Laboratory (BRL). For the experiments, the BRL 25.4-cm
shock tube was configured as a 1:57 scale, axisymmetric, single-driver model of the LB/ITS.

This report documents two computational parametric studies which were performed to determine the range of
nuclear blast simulations available with the current LB/TS design. The first parametric study is a comparison
with existing experimental data to validate the computational model and to determine the limits of its accuracy.
The second parametric study used the validated computational model to predict the operating range of the
LB/TS design.

14. SUBJECT TERMS 15. NUMBER OF PAGES

39
Blast; Blast Tubes; Flow Fields; Gas Dynamics; Nuclear Explosion Simulation 16. PRICE CODE

Nuclear Weapons; Shock Tubes; Shock Waves
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UNLIMITED
NSN 7540-01-280-5500 Standard Form 298 (Rev 2-89)

UN A I"E .. cbed by ANSI Sti Z39-18
IUCLASSJ~IFUIED



INTENTIONALLY LEFr BLANK.



Acknowledgement

The author wishes to acknowledge the efforts of George Coul-
ter of BRL, who performed all the experiments in the 1:57 scale
LB/TS model. His experimental data provides the foundation for
this report. Thanks also go to Richard Lottero, Richard Pearson
and Gerald Bulmash for reviewing this report.

oNSPLECTED
4

Acession For
NTIS GRA&I
DTIC TAB 0
Unannounced 0
Justit1 tion

Di t rtbution/

Availability Codes

jAval and/or
Dist Special

iii,



INTEmnIoNAL.LY LEFT BLANK.

iv



Table of Contents
Page

List of Figures. .. .. .. .. ... ... ... ... ... ... ... ... ... i

List of Tables. .. .. .. ... ... ... ... ... ... ... ... ... ..

1. Introduction .. .. .. .. .. ... ... ... .... ... ... ... ... ... 1

II. The 1:57 Scale Large Blast Simulator. .. .. .. .. ... ... ... ... ... 2

III. Experimental Measurements. .. .. .. .. ... ... ... ... ... ..... 3

IV. Calculations. .. .. .. .. ... ... ... ... ... ... ... ... ..... 8

V. Validation of the BRL-Q1D Code .. .. .. .. ... ... ... ... ... ... 9

VI. Driver Temperature Requirements .. .. .. .. .. ... ... ... ... ... 12

VII. Calculations Using Ideal Driver Temperatures .. .. .. .. ... ... ..... 17

VIII. Conclusion .. .. .. .. .. ... ... ... ... ... ... ... ... ..... 24

References .. .. .. .. .. ... ... .... ... ... ... ... ... .... 25

Distribution List. .. .. .. ... ... ... ... ... ... ... ... ... 27

V



INTENTIONALLY LEFr BLANK.

vi



List of Figures
Figure Page

1 Schematic Diagram of the Large Blast/Thermal Simulator ............. 2

2 The 1:57 Scale Large Blast Simulator ...... ...................... 4

3 Effect of Shock Overpressure on Dynamic Pressure Ratio ............. 7

4 Dynamic Pressure Impulse for 1337 m3 Driver Volume ............... 10

5 Dynamic Pressure Impulse for 1030 m3 Driver Volume .... ............ 11

6 Dynamic Pressure Impulse for 536 m3 Driver Volume ................ 12

7 Dynamic Pressure Impulse for 311 m' Driver Volume ................ 13

8 Dynamic Pressure Impulse for 117 m' Driver Volume ................ 13

9 Experimental and Ideal Driver Temperature Ratios .... .............. 15

10 Dynamic Pressure Using Experimental Temperature Ratio ............. 16

11 Dynamic Pressure Using Ideal Temperature Ratio ................... 16

12 Impulse for 1337 m3 Driver Using Ideal Temperature Ratio ............. 19

13 Yield for 1337 m3 Driver Using Ideal Temperature Ratio .............. 19

14 I33pul3 fo 3 iC,30 rn3 Dfivei Uslg Ideal Tenipcrature Rati ............ 20

15 Yield for 1030 m3 Driver Using Ideal Temperature Ratio .............. 20

16 Impulse for 536 m 3 Driver Using Ideal Temperature Ratio ............. 21

17 Yield for 536 m3 Driver Using Ideal Temperature Ratio ............... 21

18 Impulse for 311 m3 Driver Using Ideal Temperature Ratio ............. 22

19 Yield for 311 rn3 Driver Using Ideal Temperature Ratio ............... 22

20 Impulse for 117 m3 Driver Using Ideal Temperature Ratio ............. 23

21 Yield for 117 m3 Driver Using Ideal Temperature Ratio ............... 23

vii



INTENTIONALLY LEFT BLANK.

viii



List of Tables
Table Page

1 Test Matrix ......... .................................... 5

2 Experimental and Calculational Results .......................... 9

3 Experimental and Ideal Driver Temperature Ratios .................. 14

4 Results of Q1D Calculations Using Ideal Driver Temperature ......... ... 18

ix



INTENTIONALLY LEFr BLANK.



I. Introduction

The U.S. Army Ballistic Research Laboratory (BRL) has been conducting research to
support the design of a facility intended to subject full scale military equipment to the
blast and thermal environment produced by tactical nuclear weapons. This facility, termed
the Large Blast/Thermal Simulator (LB/TS) 1, is designed to produce a wide range of
nuclear blast and thermal environments. Shock overpressures in the simulator can range
from 2 - 35 psi and simulated weapon yield can range from 1 - 600 AT. The design of the
LB/TS is being managed by the Army Corps of Engineers for the Defense Nuclear Agency.
Construction is scheduled to begin in 1991.

The LB/TS can be thought of as a large shock tube with a complex geometry. The blast
portion of a nuclear blast simulation is accomplished by releasing high pressure gas from a
set of relatively small steel driver tubes into a large concrete expansion section. By adjusting
the initial driver parameters of pressure, temperature and volume, a desired combination of
shock overpressure and simulated weapon yield can be obtained. Baffles are used to adjust
the area ratio between the driver tubes and the expansion tunnel, which also affects the blast
simulation. This technique is employed to extend the facility's operating range.

When completed, the driver system of the LB/TS will consist of nine steel cylinders.
Each of these cylinders will have an inside diameter of 1.83 m and will have a converging
nozzle and diaphragm system at its downstream end. The flow in the simulator is initiated
by simultaneously rupturing all the diaphragms. The total volume of the driver system will
be a maximum of 584 M 3 .

Nitrogen will be used as the driver gas. The nitrogen is to be stored in liquid form prior
to a test. When needed, the liquid nitrogen will be pumped into a pebble bed heater 2 where
it is evaporated and heated to the desired temperature. The heated nitrogen is then sent to
the driver tubes. The current gas supply design allows for rapid filling of the driver tubes
to minimize loss of heat to the uninsulated driver walls. A more conventional system based
on compressors would fill the tubes much more slowly. To avoid heat loss from the gas to
the driver walls with a compressor based system, the driver walls would have to be heated
or insulated, neither of which proved to be practical.

The expansion section of the facility will be semi-circular with a cross-sectional area of
163 m 2 and will be composed of reinforced concrete except in the area of the test section,
where it will be made of steel. With an available flow area of this size, full-scale military
equipment can be tested under realistic nuclear blast and thermal conditions. If the expan-
sion section had a smaller cross-sectional area, a such equipment could significantly block
the flow which would be degrade the fidelity of the blast simulation.

The test section begins 89 m from the beginning of the expansion section and is 17.7 m
long. This location of the test section is considered to be the point at which the flow from
the nine driver tubes is uniform in the expansion section. A thermal radiation source will be
located in the test section upstream from the target. The thermal radiation associated with
a nuclear burst is simulated through the combustion of a mixture of powdered aluminum
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and oxygen. The combustion products are removed from the simulator by ejectors or vents
located above the thermal radiation source in the test section.

An active Rarefaction Wave Eliminator (RWE) 3 will be located at the downstream
end of the expansion section. This device is used to eliminate (or minimize the effects
of) expansion waves which are generated when the blast wave meets the open end of the
expansion section. These unwanted expansion waves travel upstream against the subsonic
flow and toward the test section. They destroy the fidelity of the simulation if they reach the
test section. The RWE is termed "active" because it is continuously changing the available
flow area so that the expansion waves will be eliminated for the entire decaying blast wave.
A schematic diagram of the LB/TS with all its major components is shown in Figure 1.

EXPANSION TUNNEL -
DRIVER TUBE

REACTION PIER EJECTOR
DIAPHRAGMS I

=1 THERMAL<

RADIATION N I TARGET=] SOURCE H <

HYDROPLUG RAREFACTION
~ELIMINATOR

PEBBLE BED-( LN2
HEATER

CRYOGENIC PUMP

Figure 1. Schematic Diagram of the Large Blast/Thermal Simulator

II. The 1:57 Scale Large Blast Simulator

Part of BRL's research program has been to conduct experiments in small scale shock
tubes in an effort to characterize the expected gas flow in the LB/TS. By performing exper-
iments in a small scale simulator, a large number of inexpensive tests can be obtained in a
relatively short period of time. Also, the use of a small simulator allows for easy modification
and simple operation.

A 1:57 scale LBS (large blast simulator with no thermal radiation capability) has been
used quite extensively at BRL to study the expected flow in the LB/TS and the effects that
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design changes will have on the flow. Figure 2 is an illustration of the small scale blast
simulator. Unlike the full scale LB/TS, the 1:57 scale LBS has a single driver and a circular
expansion section. It models the nine driver LB/TS by lumping the available flow area at
any given location into a single diameter.

The model was configured this way for the following reasons:

" An accurate three dimensional model would be difficult to construct and operate because
multiple diaphragms and timing for diaphragm breaking would be difficult.

" A three dimensional experimental model would require three dimensional computer
simulations which are complex and time consuming.

" Pipe sections for an axisymmetric model are readily available.

" An axisymmetric model can be simulated with one and two dimensional computer codes
which require fewer computing resources.

With this two-dimensional axisymmetric model, the flow characteristics associated with
the use of multiple drivers can not be studied. This disadvantage, however, was considered
to be outweighed by the advantages of the simplified system described earlier.

A rarefaction wave eliminator was not used during the tests discussed in this report.
Rather, a very long expansion section was employed. The use of a long expansion section
does not eliminate the rarefaction wave. It simply delays the arrival of the rarefaction wave
at the test section until after the period of interest has passed.

Driver gas heating was employed in the tests but the method by which the gas was
heated differed from that intended for the LB/TS. Heating of the driver gas was accom-
plished by placing strip heaters on the outer surface of the driver tube. The desired driver
gas temperature was obtained by turning the strip heaters on or off as required. One purpose
of heating the driver gas is to provide density matching on either side of the contact surface
between the gas originally in the driver and the shocked gas 4. The other purpose of driver
gas heating is to add energy to the driver gas which decreases the driver pressure required
to produce a given shock overpressure. If the driver gas were not heated, a sudden increase
would be seen in the dynamic pressure histories as the contact surface passed the measure-
ment station. Since this phenomenon is not present in the dynamic pressure histories of a
free-field, exponentially decaying blast wave, it is undesirable in the LB/TS. For this reason,
an effort is made to provide contact surface density matching for all LBS experiments.

III. Experimental Measurements

An experimental parametric study was performed in the 1:57 scale LBS configured as
shown in Figure 2. The purpose of this experimental study was to determine the perfor-
mance of the 1:57 scale LBS in simulating free-field nuclear blast waves 5. In this study,
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Figure 2. The 1:57 Scale Large Blast Simulator
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the driver volume and initial driver pressure were varied with each test. In all the tests,
attempts were made to set the driver temperature according to the contact surface density
matching criterion discussed in Reference 4. Table 1 lists the initial test conditions for all
the experiments included in the parametric study.

Table 1. Test Matrix

Shot Driver Ambient Ambient Driver Driver
Number Length Pressure Temperature Pressure Temperature

(cm) (kPh) (K) (kPa) (K)
109 87.31 102.6 296.05 4378 399.15
110 87.31 102.3 298.05 6998 453.15
111 87.31 101.8 297.05 10170 493.15
112 87.31 102.0 297.15 12238 499.15
115 87.31 100.7 295.85 16030 535.15
116 66.83 102.3 294.85 4309 393.15
118 66.83 101.9 295.65 10617 498.15
119 66.83 101.8 295.95 13204 520.15
120 66.83 101.1 296.15 16651 568.15
126 33.97 102.2 297.55 4309 387.15
129 33.97 101.2 296.05 4412 385.15
127 33.97 101.2 298.05 6722 449.15
128 33.97 102.2 298.55 9308 487.15
130 33.97 101.4 297.85 11376 510.15
131 18.97 101.7 297.75 4344 388.15
132 18.97 101.5 297.75 6757 460.15
133 18.97 102.5 297.05 9997 495.15
134 18.97 103.1 298.75 11376 503.15
135 18.97 103.4 297.15 15686 502.15
136 6.03 102.6 297.05 4344 386.15
138 6.03 103.8 297.65 6895 434.15
137 6.03 102.8 297.75 9825 489.15
140 6.03 101.4 297.35 12928 497.15
139 6.03 103.3 294.05 15789 530.15

For all the experiments in the parametric study, pressure measurements were made at
three different axial locations in the expansion section. Relative to the upstream end of the
expansion section, the locations of these gages are 76.2 cm, 127.0 cm and 177.8 cm.

Two pressure gages were located at each of the three axial positions. A static pressure
gage was located with its sensing element flush with the interior surface of the expansion
section wall, 12.7 cm from the axis of symmetry. A stagnation probe was positioned at the
half radius point, 6.35 cm from the axis of symmetry, and was facing upstream into the axial
flow.
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The location of the last pair of gages is important in that it is this location, when
scaled, which corresponds to the location of the test station in the full scale LB/TS. The
data recorded at this station was ultimately used to determine the shock overpressure and
simulated yieid for each test in the experimental parametric study. The data recorded at
this station is the most significant in terms of LB/TS modelling. The data recorded at the
remaining stations is also important in that it allows the analyst to see how the flow is
changing as the shock wave travels down the expansion section.

By measuring the stagnation and static pressures at each axial location, the Mach
number and dynamic pressure histories can be obtained. Accurate dynamic pressure histories
are crucial to blast simulation because it is the dynamic pressure that causes targets to
experience large displacements and overturning. In fact, the intended operating envelope of
the LB/TS is based on dynamic pressure impulse for shock overpressures above 70 kPa. If
the shock overpressure is below this value, the dynamic pressure history becomes difficult to
measure experimentally.

In order to find the dynamic pressure one must first determine the Mach number, which
can be calculated using the static and stagnation pressures. To obtain the Mach number
history, one simply repeats the following set of calculations for each point in the pressure
histories. Equation 1 assumes the flow is subsonic and that it is brought to rest at the
probe's stagnation point through an isentropic process 6. The isentropic relation expressed
in Equation 1 can be solved for the square of the Mach number yielding Equation 2.

PO (1+ t1M2) (1)

Where:

" M is the local Mach number of the gas,

" po is the measured stagnation pressure,

" p is the measured static pressure, and

e -y is the ratio of specific heats (1.400).

If the local Mach number turns out to be greater than 1.0 from Equation 2, then the flow
is considered to be supersonic, in which case Equation 3 should be used. Since Equation 3
has no closed form solution for M, a Newton iterative solver is used to determine its value
for a given static and stagnation pressure.

P (2 M2 -, - 1 ) 1/('- 1 ) (2 + 1M2) (3)
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Once the local Mach number is known, the dynamic pressure, q, can be calculated using
Equation 4.

q P %m2 (4)
2

It was stated earlier that for low shock overpressures, the dynamic pressure becomes
difficult to measure experimentally. As the shock overpressure is reduced, the difference
between the stagnation pressure and the static pressure becomes small. Thus, the ratio of
stagnation pressure to static pressure, po/p, approaches unity. As illustrated by Equation 2,
the Mach number approaches zero as the pressure ratio, po/p, approaches unity. Since
the dynamic pressure is a product of the Mach number and static pressure, as defined in
Equation 4, its value will approach zero as well. This phenomenon is illustrated in Figure 3,
which is a plot of stagnation pressure ratio, po/p t o, and dynamic pressure ratio, q/poo, as
a function of shock pressure ratio, p/p, where p., is equal to the ambient atmospheric
pre-.sure. As a result of this relationship between dynamic pressure and shock overpressure,
small disturbances in the static and stagnation pressure hist- es caused by electronic noise
or turbulence in the flow will be exaggerated in the experimental dynamic pressure history.

Effect of Shock Overpressure on Dynamic Pressure

0 - Dynamic
- • Stagnation

5- -

-0 4- -IL

.2
E /
a 3-

0

r--

CX

.2V) 0

1.00 1.25 1.'50 1.75 2.00 2.25 2.'50 2.75 3.60 3.25 3.50

Shock Pressure Ratio

Figure 3. Effect of Shock Overpressure on Dynamic Pressure Ratio
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IV. Calculations

To complement the eYperimental work, a computational parametric study was per-
formed using the BRL-Q1D code 7. The BRL-Q1D code was chosen for its relative ease of
operation and quick execution time. A BRL-Q1D calculatioi 'Vas performed for each ex-
periment in the program. This computational parametric study served two purposes. First,
by comparing the experimental results to the calculated results, possible anomalies in the
experimental records could be detected by examining those cases in which the experimental
and calculational data suddenly diverged. Also, the experimental data could be used to
validate the code so that further calculations could be performed. This validation would
make it possible to study the flow characteristics of the 1:57 scale LBS for cases which are
beyond the operating limits of the actual system.

For each of the experimental and computational results, the simulated weapon yield was
calculated. This was done by multiplying the dynamic pressure impulse by the scaling factor
of 57 and then applying the scaling laws presented by Glasstone and Dolan 8. These scaling
laws relate the blast parameters between different explosive yields. The resulting explosive
yield is expressed in kilotons (T). By comparing the experimental and computational results
to a known standard (in this case 1 T) of equal incident overpressure, the simulated yield
for the test can be determined as illustrated in Equation 5.

3
12 _ (5)

In this equation, I, is the dynamic pressure impulse for the reference yield, W1, and 12 is
the dynamic pressure impulse at the same pressure level for the predicted yield, W2 . Solving
Equation 5 for W 2 yields Equation 6. Substitution of the reference yield W equal to 1.0 T
leaves the predicted yield expressed in kilotons as a function of the measured impulse and
the impulse of the reference yield.

W 2  (6)

One drawback of the BRL-Q1D code is that it is unable to accurately predict the peak
shock overpressure of a given test. It has, however, demonstrated the ability to predict
static overpressure impulse and dynamic pressure impulse with reasonable accuracy. The
yield calculations discussed above are derived from the peak shock overpressure and the
dynamic pressure impulse of a particular test. Since the overpressure results obtained from
the BRL-Q1D code are known to be inaccurate, the simulated weapon yield for a BRL-Q1D
calculation is computed from the experimentally measured peak shock overpressure and the
BRL-Q1D dynamic pressure impulse.
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V. Validation of the BRL-QID Code

For each experiment in the parametric study, a matching BRL-QlD calculation was per-
formed. A simulated explosive yield was calculated from the experimentally measured static
overpressure and dynamic pressure impulse for the experiments and calculations. These re-
suits are summarized in Table 2. The second column in this table lists the full scale driver
volume in cubic meters. This is the driver volume which would exist if the simulator shown
in Fignre 2 were enlarged by the scaling factor of 57. As in Table 1, the tests are listed in
groups of equal driver volume with the largest equal to 1337 m 3 and the smallest of 117 m3 .

The tests in each group are listed in order of increasing driver pressure.

Table 2. Experimental and Calculational Results

Scaled Scaled
Full Experimental Yield Q1D Yield

Scale Experimental Dynamic Based on Dynamic Based on
3.±t Driv..r Static Pressure Experiment Pressure QID

Number Volume Overpressure Impulse Results Impulse Results
(m 3 ) (kPa) (kPa - s) (AT) (kPa - s) (A)

109 1337 109 20.634 1423.07 11.970 277.82
110 1337 150 37.107 2384.26 26.790 897.23
111 1337 180 67.830 7145.70 51.870 3195.42
112 1337 205 81.510 7669.99 N/A N/A
115 1337 248 91.200 5320.72 N/A N/A
116 1030 108 12.825 350.32 9.063 123.63
118 1030 173 33.060 959.44 42.522 2051.88
119 1030 215 54.720 1933.11 63.156 2972.09
120 1030 250 98.040 6474.45 N/A N/A
126 536 104 N/A N/A 4.560 18.54
129 536 107 5.244 24.47 4.805 18.83
127 536 138 9.519 54.48 9.576 55.46
128 536 156 14.364 119.11 16.587 183.41
130 536 178 22.800 282.38 23.598 313.08
131 311 103 3.340 7.51 2.622 3.63
132 311 138 6.498 17.40 5.301 9.45
133 311 166 9.804 29.77 10.260 34.12
134 311 183 11.400 32.88 12.215 40.45
135 311 223 18.639 69.18 22.059 114.67
136 117 89 1.254 0.73 0.798 0.19
138 117 110 2.451 2.37 1.653 0.73
137 117 134 2.850 1.68 2.907 1.79
140 117 152 4.845 4.95 4.845 4.95
139 117 198 5.586 2.83 6.544 4.55
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The data in Table 2 is incomplete for tests 112, 115, 120 and 126. In tests 112, 115 and
120, the computational results could not be obtained because a recompression shock located
upstream of the measurement station degraded the pressure histories at the measurement
station. This made the recording of the dynamic pressure impulse for these calculations
impossible. The effect of the recompression shock, however, was not observed in the ex-
perimental records for these tests. During test 126, the stagnation pressure gage failed to
record the experimental data. This made the calculation of the dynamic pressure (and hence
dynamic pressure impulse) impossible. The static pressure gage functioned properly in this
test, allowing us to record the experimental shock overpressure which is listed in Table 2 as
104 kPa.

For each of the five driver volumes represented in Table 2, the results are illustrated
in a chart of the scaled dynamic pressure impulse versus the static overpressure for the
experimental and computational results. Figure 4 shows the results of the tests using a full
scale driver volume equal to 1i37 m3 . In this figure the dynamic pressure impulse curve
for the calculational data follows that of the experimental data but at a lower value. As a
result of these differences in impulse, the differences in the yield values are exaggerated as
evidenced in Table 2. This exaggeration is caused by the nature of the scaling laws described
earlier.

1:57 Scale Heated Driver Experiments
Full Scale Driver Volume = 1337 m3

100-

I -- EXPERIMENT
a --4- PREDICTION

* 80-

a.
E

60"
L.

0. 40-

E

20-

0(n 0 1 In 0 I I I I
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Figure 4. Dynamic Pressure Impulse for 1337 m 3 Driver Volume

As illustrated in Equation 6, the simulated yield is calculated from the cube of the ratioof the measured impulse and the reference impulse. Because of this cubing of the ratio,

small varietions in the measured impulse, 12, may lead to large variations in the calculated
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yield, W 2. In addition, as shock overpressure decreases, the dynamic pressure impulse for the
reference yield decreases. As a result, the calculated yield is more sensitive to variations in
impulse for small overpressures than for large overpressures. Thus, if the difference between
the calculational and experimental impulse values is roughly constant, then the difference
between the calculational and experimental yields will be largest at the lowest overpressures.
For these reasons, when comparing computational data to experimental data, it is wise to
directly compare the measured impulse rather than the calculated yield.

The results of the tests performed with an equivalent full scale driver volume of 1030 m'
are shown in Figure 5. Once again, this figure compares the impulse results for the experi-
ments and the calculations. As in the previous figure, the impulse results for the calculation
seem to follow the trend set by the experiments. The differences between the experimental
and computational impulse results fall between 15 and 29 percent.

1:57 Scale Heated Driver Experiments
Full Scale Driver Volume - 1030 ml
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Figure 5. Dynamic Pressure Impulse for 1030 m 3 Driver Volume

The current design of the LB/TS employs a maximum driver volume of 584 m3 . The
third set of tests in the parametric study was performed using an equivalent full scale driver
volume of 536 m3 . The results from this set of tests should provide a good estimate of
the expected performance of the full scale LB/TS. The results of these tests are shown in
Figure 6. In this figure one can see that the dynamic pressure impulse measured in the
experiments compares very well with the computational results. At 138 kPa this error is
only 0.6 percent. The maximum impulse error in this set occurred at 156 kPa where it was
15.5 percent.

The final two sets of tests were performed using equivalent full scale driver volumes of
11



1:57 Scale Heated Driver Experiments

Full Scale Driver Volume = 536 m'
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Figure 6. Dynamic Pressure Impulse for 536 m 3 Driver Volume

311 m 3 and 117 rn3 . The results of these tests are summarized in Figures 7 and 8. For the
311 m3 tests, the impulse error was a minimum of 4.6 percent at 103 kPa and a maximum of
21.5 percent at 166 kPa. The results for the 117 m3 tests can be seen in Figure 8. In these
tests, the experimental and computational data compare well at the higher overpressures
where the minimum error is 0.0 percent and the maximum is 17.1 percent. At the two lowest
overpressures, however, the impulse errors are greater than 30 percent.

VI. Driver Temperature Requirements

It was mentioned ea-rler that, in performing the experiments, an effort was made to
conduct the tests in accordance with the contact surface density matching relationship de-
scribed by Opalka in Reference 4. The ability of the experimentalist to meet this criterion
will now be examined.

The density matching criterion is described in terms of driver pressure ratio and driver
temperature ratio. The driver pressure ratio is defined as the sum of the driver overpressure
plus the ambient pressure divided by the ambient pressure. The driver temperature ratio is
defined as the absolute driver gas temperature divided by the absolute ambient temperature.
The relationship between the driver pressure ratio and the driver temperature ratio for the
test conditions is available in Table 3. In this table one can see that for many of the
tests, the driver temperature ratio measured from the experiments was significantly less
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than the ideal temperature ratio as defined in Reference 4. This difference between the
experimental and ideal temperature ratios is illustrated in Figure 9, which is a chart of
the driver temperature ratio versus the driver pressure ratio for the experimental and ideal
conditions. This figure illustrates that the difference between the experimental and ideal
temperature ratio is greatest for the largest driver pressure ratios. From this chart, one can
conclude that the heating apparatus used in the experiments was insufficient for heating the
driver gas to the highest desired temperatures.

Table 3. Experimental and Ideal Driver Temperature Ratios

Experimental Ideal
Driver Driver Driver

Shot Pressure Temperature Temperature
Number Ratio Ratio Ratio

109 43.6716 1.3483 1.3036
110 69.4066 1.5204 1.6074
111 100.9018 1.6602 2.0107
112 120.9804 1.6798 2.1888
115 160.1857 1.8089 2.4475
116 43.1212 1.3334 1.2965
118 105.1904 1.6849 2.0565
119 130.7053 1.7576 2.2530
120 165.6983 1.9185 2.4839
126 43.1624 1.3011 1.2965
129 44.5968 1.3010 1.3109
127 67.4229 1.5070 1.5810
128 92.0763 1.6317 1.9038
130 113.1893 1.7128 2.1319
131 43.7139 1.3036 1.3036
132 67.5714 1.5454 1.5810
133 98.5317 1.6669 1.9822
134 111.3395 1.6842 2.1167
135 152.7021 1.6899 2.3981
136 43.3392 1.2999 1.3013
138 67.4258 1.4586 1.5810
137 96.5739 1.6428 1.9587
140 128.4951 1.6719 2.2384
139 153.8461 1.7999 2.4057

The primary purpose of heating the driver gas is to provide density matching on either
side of the contact surface between the gas originally in the driver and the shocked gas.
The secondary purpose is to decrease the driver pressure required to produce a given shock
overpressure. If the driver gas is not sufficiently heated, a sudden increase will be present
in the dynamic pressure histories. This effect can be seen in Figure 10 which is a dynamic
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pressure history from a BRL-Q1D calculation using the experimental driver temperature
ratio. In this figure, the peak dynamic pressure is about 120 kPa and the dynamic pressure
impulse is about 0.70 kPa - s. The sudden increase in dynamic pressure is labeled as a "Cold
Gas Effect" in the figure. This effect is caused by the passing of the contact surface through
the measurement station. This cold gas effect creates a net increase in dynamic pressure
impulse.

Another dynamic pressure history is shown in Figure 11. This history is the result of a
subsequent BRL-Q1D calculation which employed the ideal driver temperature ratio. As a
direct result of the additional driver gas heating, the peak dynamic pressure has increased to
about 140 kPa and the cold gas effect is gone. The dynamic pressure impulse for this calcu-
lation is about 0.66 kPa - s which is less than that of the calculation using the experimental
temperature ratio.

Since the additional heating caused the incident shock overpressure to increase and the
dynamic pressure impulse to decrease, the simulated yield for the calculation using the ideal
temperature ratio will be less than that which used the experimental temperature ratio.
For this reason, performance predictions for the full scale LB/TS which are derived from the
experimental results discussed earlier may not be accurate for the higher shock overpressures.
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VII. Calculations Using Ideal Driver Temperatures

In an effort to develop a better estimate of the expected performance of the LB/TS,
a second computational parametric study was performed with the BRL-Q1D code. This
parametric study employed the ideal driver temperature ratio for each test rather than the
experimental driver temperature ratio. No additional calculations were performed for the
low overpressure cases in which the experimental and ideal driver temperature ratios were
very close.

The results of this second computational parametric study are summarized in Table 4.
In this table, the tests for which a second calculation was performed are noted with an
asterisk (*) next to the shot number. As in Table 2, the computational data for test 115 was
not obtained because of the presence 3f a recompression shock which destroyed the pressure
histories at the measurement station. However, the data for tests 112 and 120 were obtained
in the second computation study, whereas they were lost in the first study due to the effect
of a recompression shock. Apparently the additional driver gas heating used in the second
calculation helped to suppress the effect of this recompression shock at the measurement
station. This phenomenon is documented in Reference 1.

Two figures are given for each set of tests corresponding to a given driver volume. The
first of each pair of figures is a plot of the scaled dynamic pressure impulse versus the static
overpressure. The second figure in each pair is a chart of the simulated weapon yield versus
the static overpressure. These charts are presented in Figures 12 through 21.

Using the ideal driver temperature ratio in these calculations eliminated the cold gas
effect discussed earlier. As a result, the dynamic pressure impulse for these calculations is
lower than that obtained from the previous set of calculations. This reduction in dynamic
pressure impulse is evident in the charts which plot the impulse against shock overpressure
(Figures 12, 14, 16, 18 and 20). It is interesting to note that the relationship between
dynamic pressure impulse and shock overpressure is almost linear for all five sets of tests.

It was previously stated that heating the driver gas to the ideal temperature ratio would
cause the initial yield estimates to decrease. As illustrated in Figures 13, 15, 17, 19 and 21
the predictions of simulated weapon yield from the second study are significantly less than
those of the earlier study. For example, the yield for test 119 drops from 2972 kT in the
earlier study to 1288 AT in the second study. This reduction in yield is evident in other tests
as well. It is also interesting to note that in all the yield versus shock overpressure figures,
the curves are approximately asymptotic in nature (their slopes decrease with increasing
shock overpressure).
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Table 4. Results of Q1D Calculations Using Ideal Driver Temperature

Scaled
Full QID Yield

Scale Expected Dynamic Based on
Shot Driver Static Pressure QID

Number Volume Overpressure Impulse Results
(m3 ) (kPa) (kPa -s) (A)

109 1337 109 11.970 277.82
110 1337 150 26.790 897.82
111* 1337 191 46.102 1801.50

112* 1337 227 60.990 2243.21
115* 1337 N/A N/A N/A
116 1030 108 9.063 123.63

118* 1030 184 38.190 1161.93
119* 1030 235 53.010 1288.04
120* 1030 275 75.240 2094.39
126 536 104 4.560 18.54
129 536 107 4.805 18.83
127 536 138 9.576 55.46
128* 536 163 16.530 154.48
130* 536 192 22.230 195.41
131 311 103 2.620 3.63
132 311 138 5.301 9.45

133* 311 173 9.975 27.12
134* 311 183 12.141 39.72
135* 311 241 19.380 59.16
136 117 89 0.798 0.19
138* 117 110 1.653 0.73
137* 117 137 2.850 1.55
140* 117 159 4.560 3.48
139* 117 198 5.985 3.48

* Calculations performed in second Q1D study.
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OlD Results Using Ideal Temperature Ratio
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VIII. Conclusion

This report has attempted to analyze the results of two calculational studies performed
using the BRL-Q1D code. The first study attempted to match the results obtained from an
experimental parametric study. The purpose of this experimental study was to validate the
ability of the BRL-QID code to predict the static and dynamic pressure impulse in the 1:57
scale Large Blast Simulator. The results of the first computational parametric study were
analyzed and found to be in reasonable agreement with the experimental results.

During the experimentation, attempts were made to heat the driver gas according to a
predetermined relationship between driver gas pressure and driver gas temperature. When
comparing the experimental conditions to the ideal pressure/temperature relationship, the
driver gas was found to have been insufficiently heated for many of the high pressure tests.
Failure to fully heat the driver gas can artificially increase the measured dynamic pressure
impulse. This effect is subtle and can go unnoticed in experimentally measured dynamic
pressure records.

The nature of the scaling laws which are used to calculate the simulated weapon yield
indicates that tests with insufficient driver gas heating may produce overly optimistic esti-
mates for the performance of the LB/TS. In an attempt to improve the performance esti-
mates, a second computational parametric study was performed. This study employed the
ideal driver gas pressure/temperature relationship in the initial conditions. The results of
this study prove that the initial performance estimates were indeed optimistic due to the
insufficient driver gas heating. The revised performance predictions which resulted from
this second study were significantly lower than those from the experiments and the initial
computational parametric study.
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2 Physics International Corporation 3 SRI International
2700 Merced Street ATTN: Dr. G. R. Abrahamson
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Dr. B. Holmes
2 R&D Associates 333 Ravenswood Avenue
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